On the high energy cut-off of accreting sources: is GR relevant? by Tamborra, Francesco et al.
ar
X
iv
:1
71
1.
06
18
3v
3 
 [a
str
o-
ph
.H
E]
  2
2 M
ar 
20
18
MNRAS 000, 1–6 (2017) Preprint 17 October 2018 Compiled using MNRAS LATEX style file v3.0
On the high energy cut-off of accreting sources: is GR
relevant?
Francesco Tamborra,1⋆ Iossif Papadakis,2,3 Michal Dovcˇiak,1, and Jiˇri Svoboda1
1 Astronomical Institute of the Czech Academy of Sciences, Prague, Czech Republic
2 Department of Physics and Institute of Theoretical and Computational Physics, University of Crete, 71003, Heraklion, Greece
3 IESL, Foundation of Research and Technology, 71110 Heraklion, Greece
Accepted XXX. Received YYY; in original form ZZZ
ABSTRACT
The hard X–ray emission observed in accreting compact sources is believed to be
produced by inverse Compton scattering of soft photons arising from the accretion
disc by energetic electrons thermally distributed above the disc, the so-called X-ray
corona. Many independent observations suggest that such coronae should be compact
and located very close to the black hole. In this case general relativistic (GR) effects
should play an important role to the continuum X-ray emission from these sources, and
in particular in the observed high energy cut-off, which is a measure of the intrinsic
temperature of the corona. Our results show that the energy shift between the observed
and intrinsic high energy cut-off due to GR effects can be as large as 2 - 8 times,
depending on the geometry and size of the corona as well as its inclination. We provide
estimates of this energy shift in the case of a lamp-post and a flat, rotating corona,
around a Kerr and a Schwartzschild black hole, for various inclinations, and coronal
sizes. These values could be useful to correct the observed high energy cut-off and/or
coronal temperatures, either in the case of individual or large sample of objects.
Key words: black hole physics, relativistic processes, galaxies: Seyfert, X-rays: bi-
naries, X-rays: galaxies
1 INTRODUCTION
Up-scattering of low-energy photons by Inverse Compton
effect on a hot gas of electrons (i.e. Comptonization) is a
common mechanism for high-energetic plasmas, especially
for accreting sources such as Black Hole Binaries (BHBs)
and Active Galactic Nuclei (AGN). It is widely believed to
be the main source of the hard X-ray emission we observe
in radio quiet sources (i.e. AGN without a jet): soft pho-
tons produced by the accretion disc are Comptonized by
a medium of hot electrons (usually referred to as the “X–
ray corona”) whose geometry and physical parameters are
mostly unknown. If the electrons are thermally distributed
in the corona with a certain energy, kTe, the resulting X-
ray spectrum produced by Comptonization, usually referred
to as the primary component, will be a power-law with a
cut-off proportional to the thermal energy of the corona de-
pending on the optical depth of the corona, τ. For some
specific geometry and optical thickness of the corona, this
proportionality has been found to be Ecut ∼ 2 − 3 kTe (e.g.
Petrucci et al. (2001)).
The primary component irradiates the inner accretion
⋆ E-mail: francesco.tamborra@asu.cas.cz
disc and produces a reflection spectrum whose main fea-
tures are the fluorescent Iron Kα at 6.4–6.7 keV (depending
on the ionization of the disc) and a ’Compton hump’ due
to reflection of & 10 keV photons from the disc. Since re-
flection may originate from disc parts which are close to
the black hole (BH), general relativistic (GR) effects (most
prominently the gravitational redshift) may affect the ob-
served spectrum. The GR effects on the reflection X-ray
spectral components have been extensively used for spin
and corona size measurements (for redshifted iron line e.g.
Fabian (2002), Miniutti (2007), and for redshifted Comp-
ton hump e.g. Svoboda et al. (2015)). Most of these mea-
surements have suggested the presence of highly spinning
black holes and compact coronae in AGN. X-ray spectral-
timing and reverberation analysis of AGN spectra sup-
port this conclusion and in many cases the position of
the corona is thought to be less than 3 − 10rg above the
black hole (e.g. Kara et al. (2016), Emmanoulopoulos et al.
(2014), de Marco et al. (2011)).
In the last years, thanks to the large broadband obser-
vations obtained mainly by NuStar, spectra up to hundreds
of keV have been collected for many AGN and BHBs. Some
of them show a clear high energy cut-off in the power-law,
allowing to estimate the thermal energy of the corona, kTe
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(for an exhaustive collection of results consult Fabian et al.
(2015) and Lubin´ski et al. (2016)). If the X–ray source lies
close to the BH, GR effects such as gravitational redshift,
relativistic beaming (if the corona rotates) and light bend-
ing will become important and may affect the estimation of
thermal energy of the corona derived from the observed high-
energy cut-off. GR effects to the X–ray primary component
have already been studied in the case of point-like sources
located on the axis of disc rotation by Niedz´wiecki et al.
(2016), Fabian et al. (2015) and Fabian et al. (2017).
Point-like and extended disc-like coronae orbiting or
rotating above the disc (e.g. Wilkins & Fabian (2012) and
Wilkins et al. (2016)) have been extensively studied in the
last few years and GR corrections are usually taken into
account for such geometries in order to properly calculate
emissivity profiles from the disc reflecting the X-ray primary
emission coming from such coronae as well as to properly
model the expected X-ray reverberation signal. However, in
many works involving spectral analysis only, GR corrections
on primary component are neglected.
The main goal of this work is to provide correction fac-
tors for the observed energy cut-offs in the case of X–ray
spectra emitted by a disc-like corona, i.e. a flat, extended
corona over the surface of the accretion disc. The spec-
trum emitted is affected mainly by gravitational redshift
and Doppler shifts. We compute and provide such factors
for a large number of coronal radii, inclinations, constant
and radially decreasing emissivity profiles, for a maximally
rotating and a Schwarzschild black hole. Depending on the
inclination and the size of the corona, the intrinsic energy
cut-offs can be significantly larger, but also smaller, than the
observed ones. They can also be significantly larger than the
respective correction factors in the case of point-like sources.
Our results can be used in the study of the intrinsic energy
cut-off (and hence coronal temperature and intrinsic ther-
mal energy) distribution in AGN by simply apply the cor-
rections we furnish to the observed energy cut-off derived by
usual spectroscopical analysis. Comparison of the resulting
intrinsic distributions may offer additional clues regarding
the geometry of the X-ray sources in these objects.
2 RELATIVISTIC EFFECTS TO THE
CONTINUUM SPECTRUM
We assumed two compact, simple geometries for the X–ray
emitting region. The first is the so-called lamp-post geom-
etry where the source is static and located on the BH spin
axis, at a height h above the disc plane (Matt et al. (1991)).
The second is a geometrically thin corona extended from the
radius of the innermost stable circular orbit (ISCO) to an
outer radius, rout , in the equatorial plane just above the ac-
cretion disc and rotating with Keplerian velocity around the
BH (hereafter the “disc corona”). Both height and radii are
measured in units of the gravitational radius, rg = GM/c
2.
While both these geometries are highly simplified, one can
imagine the geometry of the real X–ray compact source to
be in between these two extreme configurations (with h and
rout being representative of the source’s height and exten-
sion, respectively).
To study the GR effects on the X–ray continuum spec-
trum, we assumed that the X-ray source emits isotropically
(in the rest-frame) with an intrinsic spectrum of the form:
F(E) = NE−Γ exp(
−E
Eicut
). (1)
Then, we computed the spectrum that a distant ob-
server would detect, by taking into account all relativistic
effects for both geometries (gravitational and Doppler en-
ergy shifts and light bending (Karas (2006)). In both cases
the spectrum will be shifted in energy and its normalisa-
tion will change while the shape of the power-law spectrum,
i.e. the power-law index, Γ, will remain the same. We are
interested in particular in the energy shift of Ecut , since
this observable is used to measure the thermal energy of the
corona. We therefore define the g-factor1 as the ratio of the
intrinsic, Eicut , to the observed cut-off energy, E
o
cut , e.g.
g = Eicut /E
o
cut . (2)
In the case of the lamp-post corona g is independent of
inclination (as only gravitational redshift contributes ) and
therefore it can be calculated using the simple relation,
g =
√
h2 + a2
h2 − 2h + a2
, (3)
where h is the height of the corona above the BH, and a is
the non-dimensional spin parameter. This is a well known
formula, and has already been used in the past, for example,
by Fabian et al. (2015) and Fabian et al. (2017) to correct
the observed cut-off energies in their sample.
In the case of a disc corona, we expect the g−factor to
depend on the radius of the corona, its emissivity profile,
as well as the inclination. However, due to the fact that the
primary power-law cut-off emission from different parts of
the disc corona will be shifted by different g−factors due to
the fact that both the gravitational redshift as well as the
Doppler shift (corona rotates) vary across the corona, the
overall g−factor, as defined by eq. (2), cannot be estimated
analytically. We give below an example of how we can esti-
mate g−factor in this case.
Let us consider a disc corona which extends from the
horizon of a maximally rotating black hole (spin a = 1) to 2.5
rg, with uniform emissivity and an intrinsic spectrum (in its
rest frame) defined by eq. (1), for Γ = 2 and Eicut = 100 keV
(green solid line in Fig. 1). The red solid line in the same
figure shows the integrated spectrum, as it would be detected
by a distant observer with an inclination2 of θ = 30◦. Both
spectra were artificially renormalized to the value of 1 at
1 keV, to better see the energy shift and the shape of the
observed spectrum. We then fitted the observed spectrum
(over the 1 − 100 keV band) with a model of the form,
Fobs(E) = NE
−Γ exp
(
g
−E
Eicut
)
. (4)
1 Note that the g-factor in GR is usually defined conversely but
we find this definition more useful in our case. If g-factor is known,
we can multiply the observed cut-off energy by this number to get
the intrinsic cut-off energy.
2 We define inclination as the angle, θ, between the line of sight
and the BH spin axis
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Figure 1. The intrinsic spectrum emitted from a disc corona
extending from the horizon of a maximally rotating black hole
(spin = 1) to 2.5 rg (red line), and the spectrum detected by
a distant observer at 30◦ from the spin-axis (green line). The
dashed-blue line indicates the best-fit of the function defined by
eq. (4) to the observed spectrum.
The normalisation constant, N, power-law index, Γ, and the
energy shift of cut-off, g, were free parameters during the
fitting process. The blue dashed line in Fig. 1 shows the
best-fit line. The best-fit g−factor is 2.08. In other words,
for this disc corona, the observer will detect an energy cut-
off which will be half of Eicut . Strictly speaking, the shape of
the observed spectrum (red line) is not identical to a power-
law cut-off model as defined by eq. (4). The drop due to the
cut-off energy in the observed spectrum is slightly broadened
(relativistically smeared), compared to an exponential cut-
off. Nevertheless, for all practical purposes, the exponential
cut-off model (blue dashed line) describes the shape of the
observed spectrum very well. We therefore accept the best-
fit g−value as representative of the g−factor for this disc
corona.
3 THE OBSERVED HIGH-ENERGY CUT-OFF
In order to determine the g−factor in the case of disc coro-
nae, we followed the procedure described in the previous
section for a large number of rout and inclinations. We con-
sidered an extreme Kerr (a = 1) and a Schwarzschild BH
(a = 0), with an inner disc radius of 1 and 6 rg, respectively.
We also considered the case of a disc corona with a constant
emissivity and a radially reduced emissivity, as r−3. In all
cases we assumed that the intrinsic spectrum of the corona
is described by eq. (1). We estimated the spectrum that
would be observed at infinity (the “model-observed spec-
trum”), taking into account all the GR effects, and we renor-
malized its value to 1 at 1 keV. We fitted it with the model
defined by eq. (4), and we accept the best-fit g−value (gf it )
as the g−factor for the disc corona, with any given rout, θ,
and emissivity profile.
Table 1. g−factors for disc coronae with Γi = 2, E icut = 100
keV, and constant/radial power-law (r−3) emissivity, for different
observer inclination (rows), and corona outer radius (columns).
Lamp-post (LP) g−factors are listed in the last row, for different
heights (equal to rout , as listed in the the first row). The full
table is available on line.
rout 1.52 2.50 5.05 10.2 20.0
θ
5◦ 6.00/6.21 2.66/2.88 1.61/1.84 1.27/1.52 1.14/1.40
30◦ 4.26/4.41 2.08/2.24 1.40/1.58 1.18/1.38 1.09/1.31
60◦ 2.10/2.18 1.24/1.33 1.04/1.14 1.00/1.09 1.00/1.08
80◦ 1.15/1.19 0.88/0.93 0.89/0.91 0.93/0.91 0.96/0.92
LP 3.50 1.80 1.27 1.11 1.05
During the fits, we always let N and Γ as free parameters
but, in any case, Nf it and Γf it would always be almost iden-
tical to 1 and to the intrinsic slope, Γi . We fitted the model-
observed spectra in the energy range 1–100 keV, which is
broadly similar to the energy range that people would use in
practise, with combined X MM−Newton and NuST AR data.
Increasing (up to 1 MeV) or decreasing (down to 0.2 keV)
the limits of the fitting energy band does not affect the re-
sulting gf it . However, the best-fit g−value changes slightly
if we move the lower energy limit from 1 to 3 keV. The dif-
ference is less than 8% in the case of very compact coronae
(rout < 1.5 rg), and only for a few inclinations (in most cases
the difference is less than ∼ 2 − 3%).
Since the model-observed spectrum is not entirely iden-
tical to the intrinsic spectrum, as we discussed above, we
tried various Γi and Eicut values for all the rout and θ combi-
nations we considered. In this way we can investigate how ro-
bust the gf it values are to different spectral shapes. We tried
the values of Eicut = 30, 100, 300 and 1 MeV, and we found
that gf it does not vary substantially, as long as E
i
cut > 100
keV. For smaller intrinsic cut-off values, we observed a differ-
ence by no more than ∼ 8% (in the case of the most compact
disk coronae). In the case of different intrinsic spectral val-
ues, we found that gf it increases by 14% (at most), from
Γ
i
= 3 to Γi = 1, when rout < 1.5.
Table 1 lists our results in the case of a disc corona,
with Γi = 2 and Eicut = 100 keV. Rows list the g−factor for
different inclinations (1◦ < θ < 85◦,∆θ = 1◦) and columns
list the g−factor for various rout (from 1 or 6 rg up to to 20
rg). Both the constant and r
−3 emissivity results are listed.
The lamp-post results are given in the last row for different
corona heights (equal to the rout listed on the top row).
Their estimation is simply based on eq. (3), but we list them
for completeness. Given the differences we found for various
Γ
i, we provide similar Tables for Γi = 1, 1.5, 2, 2.5, 3, 3.5 (and
Eicut = 100 keV), online.
Fig. 2 shows a summary of our results (listed in Table 1).
In the lamp-post case (solid black line in the top panel), the
g−factor does not depend on the inclination, and it is always
larger than one, since gravitational redshift is the main GR
effect that affects the spectrum. As a result, the energy of all
spectral features should be smaller in the observer’s frame.
The effects to the spectrum become noticeable when the
MNRAS 000, 1–6 (2017)
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Figure 2. Top panel: The g−factor plotted as function of rout ,
for various inclinations, in the case of a disc corona with Γi =
2, E icut = 100 keV, constant emissivity for extreme Kerr and
Schwarzschild BH (solid and dashed lines, respectively) and in
the case of a disc corona with a r−3 emissivity profile (dotted
lines). The black solid line shows g−factor in the case of lamp–
post geometry (in this case, the rout values on x−axis correspond
to h). Bottom panel: Plot of g−factor as a function of the incli-
nation for several rout in the case of disc coronae with constant
emissivity.
source is very close to the BH. When h < 3 rg, the observed
cut-off energy could be 40% smaller than the intrinsic value.
It could be less than half, when h < 2 rg.
In the case of disc corona, the g−factor is determined
mainly by gravitational redshift and Doppler shift. The re-
sults for disc coronae with a r−3 emissivity profile and with
uniform emissivity are plotted with the dotted and solid
lines, respectively. For the same rout , the g−factors are al-
ways larger in the former case. This is due to the fact that
the effective radius of the r−3 coronae is much smaller than
rout . The difference increases with increasing rout .
The effect of Doppler shift dominates at large inclina-
tions (θ > 60◦; blue and brown lines in top panel of Fig. 2).
In fact, at very high inclinations, the observed high energy
cut-off could be up to ∼ 20% larger than Eicut (peaking at
rout ∼ 3rg). On the other hand, the g−factor could be as
high as 2−6 in the case of X–ray sources which are seen face
on (θ < 30◦) and are close to the BH (rout . 2.5rg; bottom
panel in Fig. 2).
In the case of Schwarzschild BHs (dashed lines in the top
panel of Fig. 2), the contribution to large g−factor from radii
smaller than 6 rg is missing. Therefore, the overall g−factor is
smaller than the g−factor in the case of disc coronae around
maximally rotating BHs, with the same radius. The effect
decreases with increasing outer radius, since the relative con-
tribution of the inner disc decreases with increasing coronal
size (mainly in the case of the constant emissivity disc coro-
nae).
4 DISCUSSION
In this paper we studied in detail how GR effects affect the
observed cut-off energy (and hence temperature) measure-
ments in AGN the case of disc-like coronae. Many studies
of extended X–ray coronae in AGN have been published the
last few years. For example, Wilkins & Fabian (2012) pro-
posed a disc-like corona in 1H 0707-495, which is located as
low as 2rg above the plane of the accretion disc and extends
outwards from the rotation axis to around 30 − 35rg, based
on the comparison between observed emissivity profiles to
those computed theoretically for different locations and ge-
ometries of the X–ray source, and on the study of the time
lags spectrum of the source. This X–ray corona geometry is
almost identical to the geometry we study in this work: a
flat corona, located above the disc, with an inner radius of
rISCO (for a maximally rotating and a Schwarzschild BH)
and an outer radius of rout .
We computed g−factors for coronae with constant emis-
sivity and with an emissivity that decreases with radius as
r−3, for a large number of inclinations (1o < θ < 85o) and
corona outer radius (1.1rg ≤ rout ≤ 20rg). Our estimates are
valid for any intrinsic cut-off energy (as long as Eicut ≥ 30
keV). We used a simple phenomenological model for the con-
tinuum spectrum (namely a simple power-law with high en-
ergy cut-off; cutoffpl in XSPEC terminology). This is not
identical to more physical Comptonization models such as
comptt or compps (e.g. Matt et al. (2015), Marinucci et al.
(2014)). We chose cutoffpl because it was easy and fast
to compute our results. Nevertheless, the differences be-
tween this model and other Comptonization models is much
smaller than the difference between cutoffpl with Γi = 3 and
Γ
i
= 1 that we considered in our study. Therefore, the ratio
of the intrinsic to the observed roll-over energy at high ener-
gies should always be given by the g−factors listed in Table
1, irrespective of the model that is used to determine Eocut
(or kToe ).
The g−fit values depend, slightly, on Γi . We observe a
moderate difference of ∼ 14% in the g−fit values in the case
when Γi = 1 and 3 (and rout is smaller than 1.5 rg). These are
MNRAS 000, 1–6 (2017)
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rather extreme situations, and the g−factors differ by a much
smaller amount in all other cases. Nevertheless, we provide
g−factors for a large number of intrinsic slopes, although
the corrections we list in Table1 should be adequate in most
practical situations.
In the case of lamp-post geometry, GR corrections to
Eicut are easily applicable, and have already been discussed
by Fabian et al. (2015) and Fabian et al. (2017). We pro-
vide g−factors in this case as well, for completeness. Our
results show that the g−factor for low inclination disc coro-
nae (θ < 30◦) is larger than the lamp-post g−factor (for the
same h and rout), even in the case of constant emissivity
(solid green and red lines in the top panel of Fig. 2). This is
due to the fact that the contribution to the corona emission
from radii below rout is quite substantial. While the Doppler
shift is low at these face on systems, the strong gravitational
redshift effects at small radii can produce stronger cut-off
energy shifts. On the other hand, g−factors in disc coronae
are smaller than the g−factors for point-like sources in high
inclination systems, when Doppler effects dominate.
In general, we find that the GR effects to the X–ray
continuum spectrum can be quite significant. If the X–ray
corona in AGN is extended over the disc and rout is small,
Eicut (and hence the temperature) has been systematically
underestimated. For example, in the case of disk coronae
with θ < 40o (i.e. Type I AGN) and rout < 2.5rg, E
i
cut will
be at least 2 times larger than Eocut . The difference could be
even larger than 6 in the case of ultra compact coronae in
face-on objects. The difference between Eicut and E
o
cut is less
than 1.5 when θ > 60o (this corresponds to Type II AGN).
In fact, at inclinations larger than 70 degrees, the intrinsic
cut-off energy could be smaller then Eocut , by up to 20%.
So far, cut-off energies are estimated by fitting observed
spectra without applying GR corrections to the continuum
models. As we argued above, irrespective of the continuum
model used, the g−factors we provide can be multiplied with
the observed Eocut in order to estimate the intrinsic cut-off
energies (or temperatures) to estimate Eicut . Given the dif-
ferences between the g−factors in the case of point-like and
disc-like, extended coronae, it would be useful to apply both
corrections, when comparing estimated temperatures with
theoretical predictions (i.e. with the pair production limit).
In both cases, it is necessary to assume the coronal size (ei-
ther h or rout ) and θ. In fact, comparison of the resulting
Eicut with maximum allowed temperatures in X–ray corona,
can put constrains to the geometry of the source (i.e. rout
and/or h, depending on the assumed geometry), in addition
to any other constrains that may have been estimated by
fitting X–ray reprocessing features in the energy spectra, or
by timing studies.
In addition to a source by source basis, our results could
also be used in other ways to investigate the X–ray source in
AGN. For example, cut-off energies have been measured in
many AGN in the last 10–20 years or so. The results show
a distribution of values between ∼ 40− 200 keV (even higher
in some cases). Our results show that, even if the intrinsic
cut-off energy is the same in all AGN, there should be a
considerable scatter in the observed energies, if the objects
are observed at various inclinations and/or the outer radius
of the corona is not the same in all sources (see bottom panel
in Fig. 2). This possibility could explain some, or even all of
the scatter in the observed cut-off energies in AGN.
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Figure 3. The distribution of the observed kTe and Ecut in AGN
(black histograms in the upper and lower panels, respectively)
from the Lubin´ski et al. (2016) and Fabian et al. (2015) NuStar
sample. The red histogram in both panels shows the predicted
kTe and Ecut values that we would observe in the case when
the intrinsic temperature/cut-off energy (indicated by the vertical
dashed lines in the two panels) and coronal size is the same in all
AGN (see text for details)
To investigate this issue, we considered the results of
Lubin´ski et al. (2016). They analysed the hard X-ray spec-
tra of 28 bright Seyfert galaxies observed with INTEGRAL,
together with data from XMM-Newton, Suzaku and RXTE,
and they determined the mean coronal temperature (kTe)
in these objects. The solid black line in the upper panel of
Fig. 3 shows the distribution of the observed temperatures,
kToe (Table 3 of Lubin´ski et al. (2016)).
In order to investigate whether the distribution of the
observed temperatures could be consistent with the hypoth-
esis of a single intrinsic temperature, we considered a range
of intrinsic temperatures, kT ie, from 200 to 500 keV (with
a step of 5 keV), and we used the g−factors listed in Table
1 (in the disc corona case, with uniform emissivity), to pre-
dict the distribution of the observed temperatures (kTo
e,mod
)
for every kT ie value. We let θmin, θmax and rout to be free
variables in the estimation of the kTo
e,mod
distribution, and
we used the K-S test to compare each model distribution
with the distribution of kToe . We found that the observed
temperature distribution is fully consistent (pnull = 0.8)
with the distribution of temperatures that we would ob-
serve if kT ie = 440 keV, the corona is very compact in all
objects (rout ≤ 1.2rg), and their inclination is uniformly dis-
tributed between 13◦ < θ < 85◦ (red histogram in the upper
panel of Fig. 3). The average luminosity of the objects in the
MNRAS 000, 1–6 (2017)
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Lubin´ski et al. (2016) sample is ∼ 0.08, in Eddington lumi-
nosity units (from their Table 5). Therefore, if the corona
is less than 1.2 rg, the average X–ray compactness in these
objects, l, should be larger than 1500. However, the point
(Θ ∼ 440/512 = 0.86 l = 1500) lies above all pair lines in the
(Θ, l) plane (see, e.g., Fig. 2 in Fabian et al. (2015)).
We therefore conclude that the AGN in the
Lubin´ski et al. (2016) sample cannot have the same intrinsic
cut-off energy, as in this case the X–ray corona would be too
small, and its compactness unphysically too high.
We performed the same analysis using the observed cut-
off energies of the NuStar sample of AGN in Fabian et al.
(2015). This sample is smaller than the Lubin´ski et al.
(2016) sample, but NuStar data can provide accurate mea-
surements of Ecut . The solid black line in the lower panel
of Fig. 3 shows the distribution of Eicut for this sample. The
red histogram in the same panel indicates the distribution
of the cut-off energies that we would observed if Eicut = 280
keV and rout = 5rg in all AGN, and the inclination of the
objects is uniformly distributed between 17◦ < θ < 77◦. The
model and the observed Eicut distributions are fully consis-
tent (pnull = 0.89
3). Due to the higher lower limit in θ, and
the larger coronal size, the model distribution in this case
is flatter than the model distribution plotted in the upper
panel of Fig. 3. Assuming a factor of 2 to convert from the
cut-off energy to the coronal temperature (this is the case if
the optical depth is . 1, Petrucci et al. (2001)) then Θ = 0.27
for these AGN. If the average X–ray luminosity of the ob-
jects in this sample is ∼ 0.08 (same as before), then for a 5 rg
corona, the compactness will be l ∼ 400.
We therefore conclude that the intrinsic cut-off energy
can be ∼ 280 keV in all AGN in the Fabian et al. (2015)
sample. The radius of the X–ray corona should be ∼ 5rg
(in agreement with the results from recent spectral/timing
studies in many of them), and the resulting (Θ, l) values will
locate these AGN close to the pair line for a hemispherical
corona (Fig. 2 in Fabian et al. (2015)).
The analysis above is meant to be an example of how our
results could be used in the study of the properties of AGN
coronae. The results are not very restrictive at the moment,
but we should be able to perform a much more detailed
analysis in the near future, as the number of sources with
well measured high energy cut-offs should increase, thanks
to NuStar, but also Swift/BAT, observations.
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